T he worldwide prevalence of longterm dialysis continues to rise, 1,2 driven in part by strong trends toward the initiation of dialysis earlier in the natural history of chronic kidney disease than was the practice previously. [3] [4] [5] Traditionally, the indicators for starting dialysis were the presence of signs and symptoms of uremia in combination with the results of biochemical measurements in serum and plasma. 6 However, a number of observational cohort and case-control studies have suggested that starting dialysis early may improve patients' survival, quality of life, and capacity for employment and decrease complications. [7] [8] [9] Although such studies were potentially limited by biases related to lead time, patient selection, and referral time, the clinical practice guidelines that were in use at the time our study was conceived 10 recommended the commencement of dialysis when the directly measured or calculated (estimated) glomerular filtration rate (GFR) was higher than the values previously targeted for the initiation of dialysis. However, more recent observational data have suggested that starting dialysis early may, in fact, be harmful. 11- 15 Data from randomized, controlled trials that establish the optimal timing for the initiation of dialysis are lacking. The Initiating Dialysis Early and Late (IDEAL) study was designed to determine whether initiating dialysis early in people with stage V chronic kidney disease reduces the rate of death from any cause. The secondary aims were to determine whether early initiation of dialysis is associated with a reduction in cardiovascular and infectious events and in complications of dialysis.
Me thods

Study Oversight
The study design has been described previously. 16 We conducted the study in accordance with the ethical principles of the Declaration of Helsinki, the Good Clinical Practice guidelines of the International Conference on Harmonisation, and local regulatory requirements. The study was approved by the ethics committee at each participating center.
The authors (who made up the study's steering committee) designed and supervised the trial and the statistical analysis plan in collaboration with the staff of the coordinating center and Clinical Trials Research Unit at the University of Auckland, New Zealand. Site investigators and their locally employed study nurses collected the patient data at each site. The staff of the regional coordinating centers regularly visited the sites and checked source data to confirm adherence to the protocol and the veracity of the data obtained. The first author wrote the first draft of the manuscript; subsequent drafts were prepared by the steering committee. The members of the steering committee attest that the study was performed in accordance with the protocol and the statistical analysis plan and vouch for the accuracy and completeness of the reported analyses. The protocol, including the statistical analysis plan, is available with the full text of this article at NEJM.org.
Patients
Patients were recruited at 32 centers in Australia and New Zealand. Patients were eligible for inclusion in the study if they had progressive chronic kidney disease (patients with a failing kidney transplant were eligible) and an estimated GFR between 10.0 and 15.0 ml per minute per 1.73 m 2 of body-surface area. The estimated GFR was determined with the use of the Cockcroft-Gault equation, 17 corrected for body-surface area, 18 on the basis of the serum creatinine concentration measured at a local laboratory. For comparison, we also calculated the estimated GFR at baseline and at the start of dialysis with the use of the Modification of Diet in Renal Disease (MDRD) equation (see the Supplementary Appendix, available at NEJM .org, for a description of these equations). All patients provided written informed consent.
Patients could not be included in the study if they were younger than 18 years of age, had an estimated GFR of less than 10.0 ml per minute, had plans to receive a kidney transplant from a live donor within the next 12 months, had a recently diagnosed cancer that was likely to affect survival, or were unable to provide written informed consent.
Study Treatment
Patients were randomly assigned either to commence dialysis when the estimated GFR was 10.0 to 14.0 ml per minute (early-start group) or to continue to receive routine medical care and commence dialysis when the estimated GFR was 5.0 to 7.0 ml per minute (late-start group). The study protocol permitted patients who were assigned to the late-start group to commence dialysis when the estimated GFR was more than 7.0 ml per min-ute if the treating physician recommended that they do so. There was no requirement for the physician to discuss this decision with the trial coordinating center. Randomization was performed centrally by a computer-based randomization service (Clinical Trials Research Unit, University of Auckland, New Zealand) with the use of a permuted-block design stratified according to center, planned method of dialysis (hemodialysis or peritoneal dialysis), and the presence or absence of diabetes mellitus. Although the planned method of dialysis was specified before randomization, the method of dialysis and regimen that were ultimately prescribed remained the choice of the patient and the treating physician.
Physicians at each study center were advised to consider the timely placement of an access for dialysis in each trial participant. There was no requirement for temporary placement of a catheter to avoid a delay in the assigned start time, and decisions about temporary placement were based on clinical judgment. The following dialysis clearance targets were recommended in accordance with evidence on adequate dialysis clearance from trials at the time the protocol was written 19,20 : a total weekly Kt/V value (a measure of clearance in which K is the urea clearance of the dialyzer, t is the duration of dialysis, and V is the volume of distribution of urea in the patient) greater than 2.0 in the case of patients receiving peritoneal dialysis (2.2 if they were undergoing automated peritoneal dialysis) and greater than 3.6 in the case of patients undergoing hemodialysis. Actual dialysis clearance was measured for use in secondary analyses. It was recommended that all patients receive dietary advice, management of anemia and hyperphosphatemia, and treatment for hypertension, as recommended in contemporary guidelines. 10, [21] [22] [23] [24] 
Study Outcomes
The primary outcome was death from any cause. Secondary outcomes included cardiovascular events (cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, transient ischemic attack, or new-onset angina), infectious events (death or hospitalization due to any infection-related cause), and complications of dialysis (temporary placement of an access catheter, need for access revision, infection at the access site, or fluid and electrolyte disorders requiring hospitalization, additional dialysis, or both). Secondary outcomes that were recorded as part of the trial protocol but that are not reported in this article included nutritional status and echocardiographic findings. A comprehensive trial-based economic evaluation, including detailed data on quality of life, was also conducted, but the results are not reported in detail here.
Interim Analysis and Data Monitoring
An independent end-points committee, whose members were unaware of the treatment assignments, reviewed all primary outcome events (deaths) and determined the cause of death in each case. A separate, independent data and safety monitoring committee reviewed blinded data from the trial after 50% and 75% of the predicted primary outcome events occurred. A stopping rule of a difference between the groups of at least 3 SD in the total number of deaths was used by the data and safety monitoring committee to justify any recommendation to terminate the trial prematurely. The 3-SD stopping rule corresponded to a nominal P value of 0.003 for the comparison of the rate of death between the two study groups and allowed the conventional significance level of P = 0.05 to be applied in the final analysis of the trial data, since the rule had only a negligible effect on the overall type I error rates across all analyses. No futility analysis was performed, because a result indicating a minimal difference between the treatment groups was considered to be important, and maximum precision in this instance was deemed to be desirable. The trial was not stopped prematurely. Owing to the nature of the intervention, it was not possible to conceal the treatment assignments from the patients, the local study nurses, or the investigators. However, the personnel who performed the statistical analysis were not aware of the treatment assignments.
The definitions of important nonfatal events were made a priori by the steering committee and were not reviewed by the end-point committee. Regular data checks at each study center confirmed adherence to these definitions.
Statistical Analysis
We estimated that with a study sample of 800 patients (400 in each group), the study would have 80% power to detect a clinically important difference in the absolute risk of death of approximately 10 percentage points between the two groups over an anticipated 3-year recruitment period and We used a time-to-event analysis to compare the proportions of patients with primary and secondary outcomes in the two groups. Summaries of continuous variables are presented as means (±SD) for normally distributed data and as medians with interquartile ranges for skewed data; categorical variables are presented as frequencies (percentages). Continuous variables were compared with the use of Student's t-test or the MannWhitney test (for nonnormally distributed data), and categorical data with the use of chi-square tests. Survival estimates and curves were generated according to the Kaplan-Meier method. All patients were followed until death or the end of the trial, with censoring of data at the time a patient underwent transplantation or was lost to follow-up. A Cox model adjusted for baseline covariates was estimated to determine the association of baseline factors with outcomes. We also performed a post hoc analysis in which the GFR at the start of dialysis, as estimated with the use of the MDRD equation, 25 was compared between the patients in the early-start group and those in the late-start group. All survival analyses were performed according to the intention-to-treat principle. The statistical analyses were performed with the use of SAS software, version 9.1.3 (SAS Institute) and the R statistical package, version 2.8.1 (the R Foundation for Statistical Computing). All statistical tests were two-tailed, and a P value of less than 0.05 was considered to indicate statistical significance.
R esult s
Characteristics of the Patients
Between July 2000 and November 2008, a total of 828 patients (244 in New Zealand and 584 in Australia) were randomly assigned to early initiation (404 patients) or late initiation (424) of dialysis (Fig. 1 ). Patients were followed until November 2009. During the recruitment phase of the trial (July 1, 2000, through November 14, 2006), a total of 12,101 patients started dialysis in Australia and New Zealand but were not included in the trial (8235 at centers that were participating in the trial and 3866 at centers that were not participating) (data obtained from the ANZDATA Registry). A total of 152 participants received kidney transplants during the study period (78 in the early-start group and 74 in the late-start group), and their data were censored at the time of transplantation (6 died after censoring).
The two groups were well matched with respect to all baseline characteristics ( Table 1 ). The median duration of follow-up was 3.64 years (range, 0.03 to 9.15) in the early-start group and 3.57 years (range, 0.02 to 8.78) in the late-start group. The two groups did not differ significantly with respect to pharmacologic interventions during the trial period.
Initiation of Dialysis
The median time from randomization to the initiation of dialysis was 1.80 months (95% confidence interval [CI], 1.60 to 2.23) in the early-start group, as compared with 7.40 months (95% CI, 6.23 to 8.27) in the late-start group (hazard ratio for commencement of dialysis in the early-start group, 2.09; 95% CI, 1.81 to 2.41; P<0.001) ( Fig.  2A) . At the time of the initiation of dialysis, the mean estimated GFR, as calculated with the use of the Cockcroft-Gault equation, was 12.0 ml per minute in the early-start group, as compared with 9.8 ml per minute in the late-start group (mean difference, 2.2 ml per minute; 95% CI, 1.8 to 2.6; P<0.001). Among the patients who were randomly assigned to the early-start group, 75 (18.6%) started dialysis with an estimated GFR of less than 10.0 ml per minute. In the late-start group, 322 (75.9%) started dialysis with an estimated GFR of more than 7.0 ml per minute. A detailed explanation of the reasons for these protocol violations is included in Table 2 in the Supplementary Appendix. We also calculated the mean estimated GFR at the start of dialysis with the use of the MDRD equation; the results were 9.0 and 7.2 ml per minute, in the early-start and late-start groups, respectively (mean difference, 1.8 ml per minute; 95% CI, 1.4 to 2.2; P<0.001).
Peritoneal dialysis was the initial method of dialysis in the case of 195 patients in the earlystart group and 171 patients in the late-start group. Hemodialysis was the initial method of dialysis in the case of 188 and 215 patients in the early-start and late-start groups, respectively. Incremental dialysis (defined as fewer than three hemodialysis sessions per week or less than 8 li- ters of peritoneal dialysate exchange) was used in the case of 63 patients in the early-start group and 64 in the late-start group. The temporary placement of a catheter for dialysis access was required before the commencement of dialysis in 15 patients in the early-start group and 35 in the latestart group. A total of 59 patients who had been randomly assigned to a group had not commenced dialysis by the end of the trial (21 in the earlystart group and 38 in the late-start group). The main reasons were a GFR that had not fallen to the assigned range for initiation of dialysis (6 patients in the early-start group and 8 in the latestart group) or death (10 patients in the earlystart group and 22 in the late-start group). No patient died of uremia.
Primary Outcome
A total of 307 patients died during the follow-up period -152 in the early-start group and 155 in the late-start group. The causes of the deaths are summarized in Table 2 . There was no significant difference in survival between patients in the latestart group and patients in the early-start group (hazard ratio for death in the early-start group, 1.04; 95% CI, 0.83 to 1.30; P = 0.75) (Fig. 2B) . Early initiation of dialysis did not significantly affect the rate of death from any cause in any of the prespecified subgroups (Fig. 3) . A sensitivity analysis that included deaths occurring after transplantation also showed no significant difference in survival between the two groups (hazard ratio with an early start, 1.01; 95% CI, 0.81 to 1.26; P = 0.92). The reasons that 159 patients were registered but did not undergo randomization are listed in Table 1 in the Supple mentary Appendix. The reasons that patients randomly assigned to a group did not start dialysis were death (10 in the earlystart group and 22 in the latestart group) and the following other reasons (11 in the earlystart group and 16 in the latestart group): the GFR remained stable, the patient emigrated or transferred to a nonparticipating hos pital, the patient withdrew consent, the patient underwent transplantation, or the patient could not be contacted. Patients could have more than one reason for not completing followup. 
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Secondary Outcomes
None of the a priori secondary outcomes (cardiovascular and infectious events and treatmentassociated complications, including the use of temporary dialysis catheters) were influenced by the timing of dialysis (Table 2) . No significant difference was observed between the two groups in quality of life, as measured by the Assessment of Quality of Life instrument, 26 during the followup period of the trial.
Discussion
In this study involving patients with chronic kidney disease, early initiation of dialysis had no significant effect on the rate of death from any cause or on cardiovascular events, infectious events, or complications of dialysis. The results of analyses of predefined subgroups were consistent with these results, despite clinically important differences between the groups in both estimated GFR and time to the initiation of dialysis.
The results show that with careful clinical management of chronic kidney disease, dialysis can be delayed for some patients until the GFR drops below 7.0 ml per minute or until more traditional clinical indicators for the initiation of dialysis are present. These findings differ from those of some previously published observational cohort and case-control studies, which showed that early initiation of dialysis was associated with improved survival. [7] [8] [9] 27, 28 Conversely, other observational studies have suggested that early initiation of dialysis had no effect on survival 15 or potentially worsened survival. 11-14 However, all the previous studies were nonrandomized and were subject to potential confounding factors, including biases related to referral time, lead time, and patient selection -factors that do not apply to the IDEAL trial. Older age and coexisting conditions have been invoked to explain worse outcomes among patients who had a higher GFR when dialysis was initiated 13 ; however, our study does not support this theory, given the fact that the number and type of coexisting conditions were similar between the study groups.
Guidelines from national and international expert panels have recommended the initiation of dialysis at relatively high levels of renal function, despite the lack of robust evidence in support of this approach. In 1997, the National Kidney Foundation 10 recommended that dialysis be initiated when the estimated GFR is approximately 10.5 ml per minute, on the basis of the minimum target level of total (residual renal and dialysis) clearance for peritoneal dialysis. In 2006, the National Kidney Foundation updated these guidelines 29,30 to specify that the benefits, risks, and disadvantages of renal-replacement therapy should be considered when the estimated GFR is less than 15.0 ml per minute and also suggested that the initiation of dialysis therapy when the estimated GFR is higher than 15.0 ml per minute may be warranted when patients have coexisting conditions or symptoms of uremia. 29, 30 The Canadian Society of Nephrology 22 recommends the initiation of dialysis when the estimated GFR is less than 12.0 ml per minute, with a proviso that dialysis can be deferred if there is no evidence of uremia or malnutrition. The Caring for Australasians with Renal Impairment (CARI) guidelines 31 specify an estimated GFR of 10.0 ml per minute for initiation of dialysis in the case of patients with evidence of uremia or malnutrition and a lower estimated GFR for initiation in the case of patients without uremia or malnutrition.
The GFR targets in these guidelines have clearly influenced the clinical practice of nephrology. According to the U.S. Renal Data System, the proportion of patients in whom dialysis was initiated when the estimated GFR was higher than 10.0 ml per minute increased from 19% in 1996 to 45% in 2005, 5 accounting for a very large fraction of the rise in the frequency of incident dialysis during that period. Our results indicate that such trends toward early initiation of dialysis, which have enormous implications in terms of the cost and infrastructure of dialysis services, are unlikely to improve clinical outcomes. The results of our trial support the caveats in the available guidelines, highlighting the importance of close clinical follow-up of patients who have low levels of renal function and of initiating dialysis once more traditional indicators for dialysis are present and suggesting that dialysis should not be started on the basis of an estimate of GFR alone. No significant difference in fluid and electrolyte distur- bances was seen between the study groups, and no difference in quality of life was observed between the groups at any stage of the study. Our study was performed across a wide spectrum of clinical practice settings (urban and rural locations and general and university hospitals) in two countries. The follow-up of patients was long and complete. However, the study has certain limitations, including our use of an estimated GFR assessment that was based on the Cockcroft-Gault equation, 17 corrected for bodysurface area. 18 Although alternative equations for GFR assessment were available (e.g., MDRD 25 ), these methods were not widely used when the trial was designed and had not been validated in patients with low levels of renal function; however, a post hoc analysis of survival with baseline GFR estimated according to the MDRD equation revealed no significant between-group differences in outcomes. The lack of use of a uniform method of creatinine assessment in our study may be criticized. However, any difference in creatinine values between the randomized groups was likely to have been mitigated by the fact that patients were stratified according to study center. Although the majority of the patients assigned to the latestart group did not commence dialysis at the level of GFR defined in the protocol and the mean difference in estimated GFR was only 2.2 ml per minute, there was a difference of 6 months between the groups in the start time for dialysis, reflecting the importance of close clinical follow-up in this patient population. Although the confidence intervals do not exclude a clinically relevant benefit of early initiation of dialysis, they do tip the balance of evidence toward the view that no such benefit exists.
In conclusion, our study shows that among patients with progressive chronic kidney disease, clinical outcomes, including survival, are similar between patients in whom dialysis is initiated early and those for whom dialysis is electively delayed. The results show that with careful clinical management, dialysis may be delayed until either the GFR drops below 7.0 ml per minute or more traditional clinical indicators for the initiation of dialysis are present. Copyright © 2010 Massachusetts Medical Society. All rights reserved.
